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The Inter-American Tropical Tuna
Commissicn was established by a Con-
vention between the Governments of
the Republic of Costa Rica and the
United States of America. The Conven-

; ; : Fra -
tion entered into foroe in 1950, The Com-
mission’s duties under the Convention
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natural factors and human activities on
the abundance of the populations of fishes
supporting all of these fisheries.”

and to

"Recommend from time to time, on the
hasis of scientific investigations, proposals
for joint action . . . designed to keep the
populations of fishes covered by this Con-
vention al those levels of abundance
which will permit the maximum  sus-
tainod catech.”

The Commission initiated its investiga-
tions, which are conducted by a perma-
nent international scientific staff, in
1951,

Provision is made in the Convention
(ATt V, 3.) for:
“Any government, whose nationals parfici-
paie In the fisheries covered by this Con-
vention . . . Upon receiving the unani-
mous conseni of the High Contracting
Parties . , .
to adhere. Under this provision the Re-
public of Panama adhered in 1953, the
Republic of Ecuador in 1961, and the
United Mexican States in 1964,
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La Comision Interamericana del Atun
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obligaciones de la Comision bajo la Con-
vencion LArt. 11, 1.0 incluyen:
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SURFACE CURRENTS OF THE EASTERN TROPICAL
BPACIFIC OCEAN'T*

by

Elaus Wyrthki® !

INTRODUCTION

The surface circulation in the Eastern Tropical Pacific Ocean under-
goes a considerable variation in response to the shifting of the major wind
systems, It iz dominated by the ecastern and equatorial parts of the anti-
cyclonie gyrals in the North and South Pacifie Ocean. These consist of the
California Current and 1he North Eguatorial Current in the North Pacific
and of the Peru Current and the South Equatorial Current in the South
Pacific. Between these two gyrals, the Eguatorial Countercurrent iz de-
veloped as long as the intertropical convergenee is sufficiently far north of
the equator. Because of the configuration of the ocean these iwo gyrals do
not reach into the area of the Eastern Tropical Pacific between Cape Cor-
rientes in Mexico and Ecuador, which consequently has a wvariable and
apparently complicated circulation pattern. Any understanding of the
movements of warer masses and of the processes maintaining the thermal
and haline structure in this area will depend on information on the varia-
tion of the circulation.

Monthly charts of the surface currents in this srea have heen pub-
lished by the U. 8 Hydrographic OfTice (1847} for the region between the
equatar, 160°W, and the coast of America and have been represented in a
different fashion by Cromwell and Bennett (1853%7 for the area between
the equatdr, 30°N, 120°W. and the coast of America. For the South Pacific
Oeean seasonal charts of surface currents have been published by the
British Meleorological Office {19350 covering the ocean south of the
eruator. Both these atlases are presentations of statistically summarized
observations and leave their interpretation to the reader. For many rea-
sons, outlined by Wertki (19601, an interpretation of such atlases iz de-
girable, resulting in the construction of current charts thal summarize the
data, locate the different branches of the circulation and the positions of
boundaries between them, and eliminate the scattering inherent in this
kind of observatlions. The following is an attemp! to analyvee and interpret
the surface circulation in the area between 30°N, 2075, the coast of Amer-
ica, and 140°W based on observations of surface drift by ships.

1. This research was part of the Scripps Tuna Geeancgraphy Research Program. It was supported
by . S Bureau ol Commercial Fisberies Contracl No. 14-17-0007-13%. and by Atomic Encrgy
Commission Conlract Na., AT 4211 1i- 3, Project 99

'!‘;'l

Contribution from the Scripps Instiution of Oceanography, University of California at San
Diiego, New Series

3. Institute of Marvine Hesources, Scripps Instiiuticn of Oceanography, Looiversity of California at
SRan Diega.

4. Present address, University of Hawazi, Honolwlu, Hawaill.
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THE DATA AND THEIR PROCESSING

Observations of the surface drift recorded by merchant and naval ves-
gols in this arez have been obtained from the National Oceanographic
Data Center, Washington, I, C. Only data that were punched on cards for
machine processing have been used and no reference to the sources has
been made, North of the equator, the data are partly the same as those
used in the atlas of the U, 8. Hvdrographic Office (1947) from the period
1904-1934 and partly new data from the period 1935-1946. South of the
equator data are chiefly from U. S, ships so that the Atlas of the British
Meteorolocical Office (1935) could be used as an additional source.

These hasic data were summarized by computer for each month by
one degree squares, the resultant vector and average speed were computed,
and a statistical summary in classes of direction and speed were made.
The resultant current veetors were used to construet the twelve monthly
charts of the surface cireulation (Figures 1-12). In these charts the veloe-
ity of the currents is indicated by four classes: 0.1-0.3 knots, 0.4-0.6
knots, 0.7-0.9 knots, and greater than 1.0 knots. This subdivision seems
to be appropriate with respect to the fluctuations of the surface currents.
The statistical summaries of one degree sguares with large numbers of
observations in regions of a uniform current character show that usually
about 40 to 507 of all observations fall into one of these speed classes.
In regions of very variahle currents the resultant current vector can be-
come almost zero even if the speed of individual current observations is
relatively high, which iz the case off the coast of Mexico. WNo values for
the persistence of constancy of the currents has been given, but in general
it can be implied that a high velocity in the current charis also indicates
a high persistence of the direction. For selected areas the resultant current
vectors or the veloeities in the most frequent direction are shown for each
month in Figs. 13-17, and these valuss are also entered in the maps of the
surface currents.

CALIFORNIA CURRENT OFF LOWER CALIFORNIA

Off the coast of Lower California the California Current flows south.
From February to June the flow is strong, has an average speed of 0.3
knots, and is almost parallel to the coast with only a slight offshore com-
ponent. In July the current shifts away from the coast, the velocity de-
creases, and in August a weak flow to the northwest is observed along the
coast reaching to aboul 25°N. From Augusi to December the flow is
mostly offshore, its veloeity is very wealy, and the boundary, between move-
ments to the northwest along the southern part of the coast and to the
southeast along the northern part, lies near 27°N. In Fig. 13 the direction
and speed of the resultant current is shown for each month at four posi-
tions along Lower California. The periods of a strong flow to the south
in spring and that of a weak offshore flow in fall are clearly distinguish-
able. These current vectors are computed from between 300 to 1000 ob-
servations in each month, and besides the current wvector, the average
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speed, caleulated without the consideration ol divection, s shown, This
average speed varies onlv slichtly during the vear, between 005 and (L35
knots, indicating thatl the direction of the current is very constant during
the spring and extremely variable Trom August 1o December,

Farther offshore, where the Calilornia Current turns west inio the
Naorth Equatarial Current, the variation of speed is almest negligible dur-
ing the vear and the average velocily is aboul 0.3 knols (Fiz, 14), In the
entire area off Lower California the flow pattern is highly divergent during
the whale vear, being related 1o the strong upwelling along the coast. From
August 1o December all the water of the California Current has lurned
west before reaching 200N, In January and February the flow has south-
erly components 1o abour 15 N, and from March to June the flow 1o the
south reaches 1o 15N, During these months the flow south of Cape San
Luras, at the southern end of Lower California, is divergent, most of the
water turns wesl, bul a portion continues to flow southeast into the
Eastern Tropical Pacific.

EQUATORIAL COUNTERCURRENT

Fast of 140°W the Eguatorial Countercurrent flows east belween 4
and 11 N, bul its position and width varies with the season. From May
to December the Countercurrent is clearly developed. Between 1407 and
100°W its southern boundary remains fairly stable between 47 and 671N,
while its northern boundary fluctuates between 5 and 12°N. East of
110°W the axis of the current and iis boundaries shift slichtly south and
the end point of the southern boundary liez south of 4" and that of the
northern boundary south of 10°N, The width of the current varies from
about 3° of latitude in May to more than 5 in August, September, and
October and decreases azain to less than 4% in December. The speed of
the flow between 130° and 110°W iz about 0.75 knots with highest values
oceurring in September (Fig. 141, From August to December usually some
water from the South Equatorial Current enters the Countercurrent across
its southern boundary, and some water leaves it across the northern boun-
dary. East of 90°W the Countercurrent splits off, part of its water turn-
ing north and northwest around the Costa Riea Dome and part turning
south and west entering the South Equatorial Current system.

In January the Countercurrent starts to break up and exists only in
separate sections. The southern and northern boundaries are interrupted,
and the individual sections are fed by water from the South Equatorial
Current and discharge their water to the North Egquatorial Current, In
February and March the Countercurrent reaches to only about 120°W and
east of this position a wind-drift 1o the west and northwest is developed
between 57 and 10°N [rom the South Equatorial to the North Equatorial
Current. This situation is even more pronounced in April when the
Countercurrent is entirely absenl, In May the Countercurrent is again
formed 1o the east of 140°W, its northern boundary being well established
while the southern boundary is intervupted and the current is Ted by water
entering from the south. )
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During the entire period from January to April cyelonic flow is main-
tained around the Costa Rica Dome near 9°N, 89°W (Wyrtki, 1964) and
an anticyelonic flow around a point near 5°N, BR®W. Between these two
locations a strong flow to the east is always developed, but it persists only
along approximately 89 of longitude,

NORTH EQUATORIAL CURRENT (EASTERN PORTIONS)

The North Equatorial Current is fed from two sources, by the Cali-
fornia Current and by water from the Eastern Tropical Pacifie, but the
contribution from these two sources varies during the vear. From March
to July the North Eguatorial Current is almost exclusively supplied from
the California Current which continues far to the south before turning
west., The contribution of water from the Eastern Tropical Pacific is more
significant during the remainder of the wear, coineciding with the period
when the Countercurrent is most strongly developed. From July to De-
cember large amounts of water from the Countercurrent turn north and
feed the flow to the west between 107 and 20°N. In January when the
Countercurrent starts to disintegrate and most of its water turns north,
the flow of the North Equatorial Current to the west is marked by a band
of high velocities. This current axis, also found in February, streiches
from Costa Rieca westwards along 11°N and later shifts north to about
17°N at 130°W. In February and March when the Countercurrent reaches
only to about 120°W, east of this position the flow is west and northwest-
wards. ;

West of 120°W, when the waters from the California Current and
from the Eastern Tropical Pacific have joined and the North Eguatorial
Current iz well established, its veloeity is 0.3 knots and remains almost
constant during the whole vear (Fig. 14). South of 20°N the flow usually
has a slight component to the north, and north of 20°N a slight component
to the south.

CURRENTS OFF CENTRAL AMERICA

The mast pronounced branch of the ecirculation off Central America
is the Costa Rica Coastal Current. This current is situated between the
Costa Rira Dome and the coast and flows with high velocities to the north-
west and west, The speed in the center of this current usually exceeds 0.5
knots {Fig. 15). In June and July the current follows the coast of Central
America and Mexico as far as Cape Corrientes. In August the axis of the
current shifts away from the coast after it has passed the Gulf of Tehuan-
tepec. This situation prevails through December, and the water of the
(Costa Riea Coastal Current passes directly into the INorth Equatorial Cur-
rent. From January to March the current flows straight to the west be-
tween 9° and 122N after leaving the coast of Costa Rica and does not flow
into the Gulf of Tehuantepee. In April and May the branch of the Costa
Rica Coastal Current flowing into the Gulf of Tehuantepee, develops again,
while the branch flowing due west weakens.
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Along the coast of Mexico southeast of Cape Corrientes a weak flow
to the southeast or away from the eoast is developed from Oetober to
April (Fig. 15). This flow turns south before reaching the Gulf of Tehuan-
tepee, joins the water of the Costa Rica Coastal Current, and flows west.
Especially in March and April this flow is part of the general anticyclonie
circulation between 107 and 20°N. In May, June, and July when this cir-
culation weakens, the flow to the southeast deviates from the coast.

From Januarv to March a strong flow out of the Gulf of Tehuantepec
to the south, which is scon integrated into the North Equatorial Current,
is obhserved.

0Off the coast of Colombia a cyelonic eddy of elliptic shape is de-
veloped. Its north-flowing branch along the coast is the Colombia Current.
Its south-flowing branch leaves the Gulf of Panama in a south and south-
westerly direction and is most strongly developed from December to April,
During this period most of the water leaving the Gulf of Panama, where
strong upwelling takes place, turns west and joins the anticyvelonic circula-
tion centered near 5°N, 88°W. During the remainder of the year the eddy
off Colombia is more weakly developed.

SOUTH EQUATORIAL CURRENT

West of the Galapagos Islands the South Eguatorial Current flows
west on both sides of the equator. Its northern boundary is the Equatorial
Countercurrent near 4°M, and to the south it extends into the subtropical
region with deecreasing velocities, Highest velocities are found on both
sides of the eguator between about 3°IN and 8°3. South of the equator
the average speed changes little during the yvear while north of the equator
speeds are usually greater and exhibit a marked seasonal variation with
veloeities above 1.5 knots from July to November (Fig. 16). West of 100°W
the flow is usually divergent at the equator with a slight northerly com-
ponent in the northern hemisphere and a southerly componeni south of
the equator. In March and April an oceasional flow to the east near the
equator is observed, and in May the flow is definitely to the east between
1007 and 120°W. Between 100° and 110°W this flow turns north and
enters the Countercurrent, which is formed again in this month.

Tt is very likely that the occasional flow to the east at the equator
represents a surfacing of the Eguatorial Undercurrent in the absence of
east winds, The eastward [lowing Eguatorial Undercurrent has its upper
boundary at about 20 m depth in this area (Knauss, 1960) and is covered
by a thin layer of water flowing west. Easterly flow at the equator to the
west of the Galapapos Islands has already been charted by Puls (1893)
and Schott (1942),

Mo surface currents to the east have been found near 55 which could
indicate the existence of a South Eguatorial Countercurrent at the sea
surface. This current, which has been postulated by Reid (1961) on the
basis of the geopotential topography in this area, may therefore only exist
in subsurface lavers.
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East of 100°W there is usually a flow from the southern to the north-
ern hemisphere across the equator. This flow is especially strong from
March to June when the Countercurrent is absent or is formed again. From
July on, parts of the water flowing east with the Countercurrent turn south
and enter the South Equatorial Current to the northeast of the Galapapos
Isiands. and the flow across the eguator becomes weaker, By December
the flow to the west has become almost parallel io the equator, and off the
coast of Ecuador some water even flows south.

PERU CURRENT

Off the coast of Pera the flow is to the northwest as part of the anti-
evelonic cireulation in the South Pacific Ocean. Along the coast coinciding
approximately with the upwelling region, the Peru Coastal Current flows
northwest, and farther offshore the Peru Oceanic Current also flows
northwesi. These two currenis are usually separated by a weak and ir-
regular flow 1o the south, the Peru Countercurrent. This current, how-
ever, is s subsurface current and reaches only occasionally to the surface
(Whyrticd, 1963). From July to October the Countercurrent is not ohserved
at the sea surface, from November to March it is most pronounced and is
situated about 500 km offshore; from April to June southward flow is only
oceasionally observed and its location is more variabie,

The Peru Coastal Current flows with veloeities of about 0.2 - 0.3 knots
to the northwest along the eoast (Fig. 17). At Punta Aguja near 5°5, it
leaves the coast and turns west, its speed increasing considerably 1o 0.5 -
(1.7 knots when its water becomes part of the South Egquatorial Current
(Fig. 16). Along the coast of Peru the flow iz stronger from April to
September than during the remainder of the vear. The shape of the coast-
line seems to have considerable influence on the coastal current, which has
a tendency to leave the ecoast at almost every cape and seems to form
eddies with a flow to the southeast along the coast in the lee of the capes.
This situation is especially pronounced at FPoint Huacas near 14°8 where
the coastal current usually deviates strongly from the coast,

From July to October when the Countercurrent is not found at the
surface, the Peru Coastal Current and the Peru Oceanic Current form a
single uniform flow to the northwesi passing into the South Equatorial
Current, which is strongest during this period. During the larger part of
the vear, the flow in the Peru Oceanic Current is more to the west, at
least north of 2075, Velocities in the Peru Oeeanic Current are usually
slightly higher than those in the coastal current. When the Countercurrent
is developed, water from the coastal current passes through the Counter-
current into the Peru Oceanic Current.

INTERACTION OF THE VARIOUS CURRENT SYSTEMS
The apparently complicaied and changing pattern of the surface cir-
culation in the Eastern Pacific Ocean becomes much simpler if periods
having the same general pattern are compared with each other. Although
in large parts of the oceans the changes in circulation ecan be reasonably
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well described by diseussing a sumimer and winter situation, in the Eastern
Facilic Ocean three basically different situations are met.

The first typical circulstion pattern is developed from August 1o
December when the Equatorial Countercurrent is fully developed and 1he
South Equatorial Current is alsc very strong, especially in iis pad situated
north of the equator. During this period most of the water of the Counter-
current flows around the Costa Hiea Dome into the Costa Rica Coastal
Current and enters the North Equatorial Carrent between 100 and 20 N,
The California Current Jeaves the eoast of Lower California at about 25 N
and supplies the water of the North Equatorial Cureent only north ol
201, This situation is developed when the intertropical convergence is
in a northerly position al or north of 10 N, approximately coinciding with
the northern boundary of the Countercurrent. This situation seems to be
ithe most stable and lasts longest.

In January when the intertropical convergence starts 1o move towards
the equator, the Countercurrent becomes much weaker and breaks up into
several segments, Simullaneously the California Currenl becomes strongel
and extends farther to the south.

The second typical cireulation pattern is developed from February to
April when the intertropical convergence is in ils most southerly position
near 4°N. During this period the California Current is strong, penetrates
far to the south, and suppliss most of the water for the North Equatorial
Current, Off the coast of Mexico between 100 and 20-N the circulation is
anticvelonic with a flow to the southeast along the coast that turns west
off the Gulf of Tehuantepec. The Eguatorial Countercurrent is completely
abseni during this period, and in the area where it is usually found, water
movements are 1o the west and northwest, Off the coast of Central Amer-
ica two huge eddies are developed: one is cyvelonic around the Costa Biea
Diome, and the other is anticyelonie around a point at 5N, 88°W. The
South Equatorial Current is weaker, and currents 1o the east are occasion-
ally reported near the equator. The Peru Current is also relatively weak,
and the Peru Countercurrent is pronounced.

The third typical circuiation pattern is developed {rom May to July
when the Countercurrent is formed again, but the California Current is
still relatively strong. During this period the intertropical convergence is
again near 10°N, which allows the Countercurrent to deveiop. Most of the
water from the Countercurrent turns north into the Costa Rica Coastal
Current, which during this period flows along the coast of Ceniral America
as far as Cape Corrientzs. The California Current is siill strong and
reaches far to the south but does not penetrate much into the Eastern
Tropical Pacific. It forms the main supply of the North Equatorvial Cur-
rent.

From July 1o August the California Current becomes progressively
weaker, and the North Equatorial Current gains more and more water
from ihe Eastern Tropical Pacific,
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The changes in the circulation pattern are cbviously related to varia-
tions of the intensity and location of the major wind systems. From De-
cember to April the northeast trades are strongest, and the wind maximum
iz in a relatively southerly position between 10° and 15°N. During this
time the California Current reaches far to the south, is strongest, and
almost exclusively supplies the North Eguatorial Current. From July to
October the southeast trades are strongest, and in this period there is a
uniformly strong flow to the northwest off Peru without interruption by a
countercurrent.

The most striking relation exists, however, between the development
of the Equatorial Countercurrent and the position of the intertropical con-
vergence. In Fig. 18 the position of the intertropical convergence, accord-
ing to Crowe (1951}, is compared with the position of the northern and
southern boundary of the Countercurrent at 120°W, as taken from the
monthly surface current charts. It is quite obvious that the northern
boundary of the Countercurrent coincides approximately with the inter-
tropical convergence and that the Countercurrent is developed as long as
the intertropical convergence is situated north of T°N. As soon as the
intertropical convergenece shifts close to the equator, from February to
April, the Countercurrent disappears.
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